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Abstract

Background Implementing digital transformation and artificial intelligence (Al) in education and practice
necessitates understanding nursing students’ attitudes and behaviors as end-users toward current and future digital
and Al applications.

Purpose This study aimed to assess the perceived knowledge, attitudes, and skills of nursing students regarding
digital transformation, as well as their digital health literacy (DHL) and attitudes toward Al. Furthermore, we
investigated the potential correlations among these variables.

Methods A descriptive correlational design was employed in a Saudi nursing college utilizing a convenience
sample of 266 nursing students. A structured questionnaire consisting of six sections was used, covering personal
information, knowledge, skills and attitudes toward digital transformation, digital skills, DHL, and attitudes toward Al.
Descriptive statistics and Pearson correlation were employed for data analysis.

Results Nursing students exhibited good knowledge of and positive attitudes toward digital transformation services.
They possessed strong digital skills, and their DHL and positive attitude toward Al were commendable. Overall, the
findings indicated significant positive correlations between knowledge of digital transformation services and all the
digital variables measured (p=<0.05). Senior students reported greater digital knowledge and a positive attitude
toward Al.

Conclusion The study recommends an innovative undergraduate curriculum that integrates opportunities for
hands-on experience with digital healthcare technologies to enhance their digital literacy and skills.

Keywords Digital transformation, Digital health literacy, Artificial intelligence, Knowledge, Attitude, Skills, University
nursing students, Perception, Technology
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Background

The adoption and use of modern information and com-
munication technologies (ICTs) have become integral
to daily life [1]. Therefore, digital transformation has
emerged as a significant revolution in many countries,
including Saudi Arabia. The Saudi Vision 2030 and the
National Transformation Program (NTP) were launched
in 2015 to modernize healthcare systems through tech-
nology and innovation. To achieve this transformation,
various components of health information technology,
such as electronic health records, telemedicine, virtual
consultations, online scheduling, and unified medical
records, are being strengthened [2—4]. The global health-
care sector is also placing great importance on the adop-
tion and utilization of health information technology,
making it a top priority in healthcare transformation
plans. To successfully implement and utilize these tech-
nologies, healthcare professionals and students need to
be educated in health informatics and computer literacy

[5].

Conceptual framework

This study operates within a conceptual framework
encompassing many digital variables, such as digital
transformation knowledge, attitudes, skills, DHL, and
attitudes toward Al among university students:

The digital transformation concept refers to the infu-
sion of digital technology across all facets of a business
or organization. This process reshapes business opera-
tions by leveraging digital tools to enhance efficiency,
accessibility, and scalability [6]. Amidst of digital trans-
formation, healthcare has evolved significantly, introduc-
ing innovations to improve health systems in response
to rising global health needs, including infectious and
chronic diseases [7]. The World Health Organization
(WHO) outlines various digital tools, such as comput-
ers, mobile health (mHealth), software, telemonitoring,
and artificial intelligence (Al) algorithms, spanning tele-
medicine, digital health games, and more [8]. Despite its
potential, complete integration of digitalization into clin-
ical practice remains a challenge. There is a gap between
the potential effectiveness of digitalization and its actual
implementation in healthcare [9].

Moreover, the digitalization of health care has changed
the roles and responsibilities of healthcare professionals
[10]. Likewise, students, as future health professionals,
need to develop digital knowledge and skills with a posi-
tive attitude to match evolving needs [11]. Additionally,
there is a need to identify the impact of and understand
how to best use digital health [12]. The ability to use digi-
tal health refers to “digital health literacy” (DHL). The
WHO has defined digital health (or eHealth) as the use
of digital technologies in activities related to health. The
DHL reflects the digital skills and ability to search for,
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understand, use, and evaluate health information on digi-
tal media (web-based and mobile), actively participate in
health information exchange and interaction, and use the
obtained information to address or solve health problems
[13].

Digital health services can strengthen the healthcare
system by improving the efficiency of care in hospi-
tal settings, enhancing adherence to clinical guidelines
[14], providing opportunities to support clinical prac-
tice, and advancing patient-centric care [15]. Addition-
ally, technology has the potential to improve access to
information, enhance interactions between patients
and healthcare providers, and lead to enhanced DHL
[16]. High levels of digital health literacy were shown to
be associated with better health outcomes for patients,
nurses, and medical professionals, as well as for the pub-
lic [17]. A lack of digital health literacy is the main barrier
to people integrating into a digital society and enjoying
convenient and efficient digital health services [18].

In addition, artificial intelligence (Al) is one of the
trending applications of digital transformation and com-
prises many healthcare technologies that transform
nurses’ roles and enhance patient care [19, 20].

Artificial intelligence (AI) refers to the application of
computers and technology to replicate intelligent behav-
ior and problem-solving akin to that of a human being
[21]. Artificial intelligence (AI) has become indispensable
in healthcare, aiming to enhance patient outcomes and
streamline healthcare services. Through the utilization
of machine learning algorithms, natural language pro-
cessing, and computer vision, Al facilitates the analysis
of intricate medical data. Its integration into healthcare
systems seeks to aid clinicians, customize patient treat-
ments, and improve overall population health, all while
tackling the obstacles posed by escalating expenses and
constrained resources [22]. Likewise, nursing Al tools
encompass clinical decision support, mobile health,
sensor-based technologies, voice assistants, and robot-
ics. These devices have the potential to automate rou-
tine tasks, optimizing nurses’ time for direct patient care
[23]. Al applications include analyzing electronic nursing
records, pressure sores and safety risk analysis, nursing
robots, and scheduling [24, 25].

Despite positive performance and utilization expec-
tations from the application of AI technology in the
healthcare setting, there are growing alarms. Using Al
simultaneously increases the risk of unforeseen out-
comes, discrimination, and ethical issues caused by
malfunctions and incomplete technology related to Al
medical devices; the alteration and bias of information
due to a lack of accumulated data or learning errors in
AJ and the invasion of privacy, which is also growing [26]
and might be dangerous to the nursing profession [23].
However, Briganti and Le Moine (2020) emphasized the
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rising importance of Al in healthcare and recommended
incorporating Al education into medical and nursing
school curricula. Hence, investigating nursing students’
attitudes toward Al is crucial for ensuring their future
preparedness [27].

Significance of the study

Nurses and nursing students play a crucial role in intro-
ducing, implementing, and using technology in clinical
practice, and possessing digital literacy and skills upon
completing nursing baccalaureate studies is crucial [7].
Digital and Al literacy is increasingly used as a core
requirement of students, academics, patients, and health-
care professionals due to the importance of technology
in nursing education and practice [16]. Successful imple-
mentation of digital transformation applications and Al
in clinical practice requires a thorough understanding
of the attitudes and behaviors of nurses as end-users
toward existing and future AI applications. Moreover,
assessing the current knowledge of AI among nurses and
nursing students is essential for identifying future train-
ing requirements, as they are technology users and have
direct contact with patients [28].

Previous research studies have shown that the use of
technology predominantly depends on one’s knowledge
and attitude toward that technology, including AI [8, 23,
26—28]. While there is a consensus on the importance of
digital literacy for nursing students, there is limited focus
on measuring digital transformation and skills among
Saudi nursing students. To the best of our knowledge, no
study has investigated the knowledge, attitudes, and use
of digital transformation, along with nurses’ relationships
with digital literacy and attitudes toward Al This study
fills a gap by offering baseline assessment data for nurse
educators and insights for enhancing nursing curricula.
It is valuable for researchers, students, and academicians
in the digital transformation era, offering guidance on
developing educational programs to better prepare future
healthcare professionals for the digital shift in healthcare.

Aim of the study

The aim of this study was to explore the perceived knowl-
edge, attitudes, and skills of nursing students regarding
digital transformation, as well as their digital health lit-
eracy (DHL) and attitudes toward Al. Additionally, the
study seeks to identify potential correlations among per-
ceptions of digital transformation, DHL, and attitudes
toward AL

Methods

Study setting and design

This research employed a descriptive cross-sectional
design at the College of Nursing-Jeddah (CON-J), which
admits female students and is affiliated with King Saud
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bin Abdul-Aziz University for Health Sciences, National
Guard Health Affairs, in Jeddah, Saudi Arabia.

Subjects

The study included a convenience sample of undergradu-
ate nursing students in the third and fourth academic
years of 2022/2023, excluding preparatory year students.
While the Raosoft Sample Size Calculator suggested a
minimum sample size of 169 based on certain parameters
(population size 300, margin error of 5, confidence inter-
val 95%), invitations were extended to all eligible students
to prevent missing data, resulting in responses from 266
students.

Data collection instrument

A structured questionnaire composed of six sections was
used to collect all the required data. The first four sec-
tions were developed by the current researchers based on
a relevant literature review [1, 9, 15-23, 25, 26, 28-31, 40,
43, 46, 56-58].

Section 1: A personal information form containing
questions inquiring about the students’ age, academic
level, Internet use, and frequency of digital device use
was used. Section 2: Knowledge of Digital Transforma-
tion: This knowledge section included 19 questions ask-
ing about digital transformation, examples, usability,
ease of use, impact of digital technologies, and factors
stimulating or hindering the use of digital technologies.
Responses to these questions used multiple response
options, such as “5” (useful /definitely yes) to “1” (not
useful not familiar). Section 3: Attitudes toward Digital
Transformation (ATD): This section included 11 items
about students’ attitudes toward digital transformation
and digital services. Section 4: Digital skills (DS): This
section included six items where the respondents pro-
vided their opinions on their level of digital skills in the
use of digital technologies, online public services, and
taking advantage of digital learning opportunities. Sec-
tion 5: Digital Health Literacy (DHL): The DHL scale
consists of eight items adapted by current researchers
from Mekawy et al. [23] to assess students’ perceived
skills in digital health literacy. Section 6: Attitudes toward
artificial intelligence (AAI): The AAI scale was adapted
from Abuzaid et al. [28]. The scale includes five items
about students’ attitudes toward artificial intelligence
in nursing, which is one of the major digital transfor-
mations. Responses in Sects. 3 to 6 were framed on a
5-point Likert scale ranging from “5” strongly agree to
“1” strongly disagree.

Developed instrument sections, validity, and reliability

The developed parts of the study instrument (Sects. 1- 4),
encompassing personal information, knowledge of digital
transformation, attitudes toward digital transformation
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(ATD), and digital skills (DS), were meticulously pro-
posed by the current researchers and underwent a rigor-
ous development process as follows:

Generating Items: The process began with an exten-
sive literature review conducted by the researchers, con-
sulting diverse sources including academic journals and
reputable websites to gather pertinent information on
digital transformation in the healthcare sector. Utiliz-
ing databases such as PubMed, Google Scholar, and rel-
evant websites facilitated access to scholarly articles and
research studies pertaining to digital transformation.
Employing various search strategies, including specific
keywords like “digital transformation,” “digital trans-
formation in healthcare,” “nurse education and digital
skills,” and “attitudes towards technology in healthcare,
the researchers synthesized the gathered information.
Subsequently, a list of items covering different aspects
such as personal information, knowledge of digital trans-
formation, attitudes towards digital transformation, and
digital skills was generated based on the literature review
and search. Questionnaire Development: Following the
item generation phase, the researchers proceeded to
develop the questionnaire in English and structured it
into four sections. Emphasis was placed on ensuring clar-
ity, relevance, and comprehensiveness of the question-
naire items. The wording of questions was reviewed and
refined to enhance understandability and appropriate-
ness for the target population of nursing students.

Validity and reliability

The whole questionnaire underwent thorough evalua-
tion for face and content validity. Five academic experts
individually assessed its relevance, comprehensiveness,
and clarity. They unanimously agreed that all items were
easily understood, with only minor revisions required of
some words. The content validity index (CVI) was calcu-
lated at 95.36, indicating high consensus among experts
regarding item relevance. A pilot study involving 5% of
nursing students further confirmed all questionnaire’s
sections clarity and applicability. Based on feedback
from experts and the pilot study, minor adjustments
were made to the final version of the questionnaire. In
addition, internal consistency was assessed using Cron-
bach’s alpha, yielding satisfactory values of 0.752, 0.726,
0.880, 0.782, and 0.742 for the digital transformation
knowledge, ATD, DS, DHL, and AAI questionnaires,
respectively.

Data collection

After Institutional Review Board (IRB) approval was
obtained, the researchers distributed the questionnaires
to the nursing students who consented to participate
in the study during their designated break times upon
agreement. Detailed instructions were provided by the
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researchers, and on average, each student spent approxi-
mately 25 min completing the questionnaire. The data
collection phase spanned two months within the final
semester of the academic year 2022-2023.

Data analysis

The data were statistically analyzed using the Statistical
Package for the Social Sciences (SPSS) version 25. The
demographic characteristics are presented as frequen-
cies and percentages. Descriptive statistics, including
the mean and standard deviation, were used to summa-
rize the variables. Student’s t test and analysis of vari-
ance (ANOVA) were employed for means comparisons.
Pearson correlation coefficient analysis (r) was used to
explore the relationships among the digital variables. The
predetermined significance level for p values was set at
»<0.05.

Ethical considerations

The study obtained IRB approval from CONJ and King
Abdullah International Medical Research Center (KAI-
MRC) (IRB Approval: NRJ23J-034-01). Before partici-
pation, the researchers explained the study’s purpose,
emphasizing participants’ rights to refuse or withdraw
without academic consequences. Informed consent was
obtained, ensuring data privacy and confidentiality.

Results

Participant characteristics

Successfully, 266 female students actively participated
in this study; the mean age was 22.75 (SD. 2.59) years,
and the majority of the students were older than 20
years. Among them, 51.1% were in their third academic
year and did not take the informatics course, while the
remaining 48.9% were in their fourth academic year and
took the informatics course. A large proportion (85.3%)
frequently utilized the internet, primarily through smart-
phones (84.6%) and tablets or iPads (78.9%). Refer to
Table 1 for further details.

Perceived digital transformation variables among nursing
students

Table 2 shows that students had high overall knowl-
edge of digital transformation services and applications
(3.91 (0.55)). Students perceived high usability, ease
of use, and good impact of digital technologies, as well
as knowledge of the factors stimulating and hindering
their use. In addition, students showed a moderate posi-
tive ATD (3.65 (0.46)), high overall DS (4.09 (0.74)) and
DHL (3.72 (0.76)), and a moderate positive AAI (3.42
(0.54)). See Supplementary Table 1 for more informa-
tion on all domains. Moreover, senior students in the
fourth year compared with students in the third year had
higher knowledge of digital transformation services and
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Table 1 Demographic data of the nursing students (N=266)

Item Total (N=266)
No. %
Age
<20-22 36 135
>22-24 230 86.5
Mean (SD). 22.75(2.59)
Academic year
3rd 136 51.1
4th 130 489
Take nursing informatics course
No 136 51.1
Yes 130 489
Internet use
Frequently 227 853
Moderately 34 12.8
Rarely 5 19
Digital device frequently used #
Smartphone 225 84.6
Tablet/IPad 210 789
Personal PC/Laptop 92 346

SD: Standard deviation #: Multiple answers

Table 2 Mean scores of the studied digital variables according
to total and academic level

Perceived digital Total Academic level for  t p
variables (N=266) students
3rdyear 4th year
(n=136) (n=130)
Mean Mean Mean
(SD) (SD) (SD)
Overall knowl- 391(055) 3.86(051) 4.02(062) 2179 0030
edge of digital
transformation
ATD 3.65(046) 3.61(043) 3.74(0.51) 1966 0.051
Overall DS 409(0.74) 402075 4.23(0.71) 2126 0034
Overall DHL 3.72(0.76) 355(0.70) 4.07(0.76) 5487 <0.001
Overall AAI 342(0.54) 342(057) 3.43(048) 0081 0935

t: Student’s t test p: p *: statistically significant at p<0.05.

Mean values: 1-2.5=low mean (<50%); >2.5-3.75=moderate mean(50-75%);
>3.75-5=high mean (75%).

Table 3 Perceived factors stimulating or hindering the use of
digital technologies

Factors No. %
Stimulating Factors (N=216)

A faster and more reliable internet connection 216 812

Widespread of tools the improve trust and reputation 211 79.3
of digital technology

More public awareness of services as online medical 201 756

prescription
Hinders (N=69)

Inadequate knowledge/skills of the user 69 25.94
Lack of budget, facilities and, supporting resources 62 2331
Fear of information security breach and privacy inva- 62 2331

sion issues
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applications (t=2.179, p=0.030), DS (t=2.126, p=0.034),
and DHL (t=5.487, p=0.001). However, there was no sig-
nificant difference between them in terms of their ATD
and AAL See Table 2 for more values.

The highest perceived factors stimulating or hindering the
use of digital technologies

Table 3 illustrates the highest perceived factors stimulat-
ing or hindering the use of digital technologies. Students
identified a faster and more reliable internet connection
(81.2%), a wider dissemination of digital tools (79.3%),
and public awareness (75.6%) as the top stimulating fac-
tors. Conversely, approximately a quarter of the students
(25.94%) highlighted insufficient user knowledge or skills;
scarcity of budgets, facilities, and supportive resources
(23.31%); and concerns about information security
breaches and privacy invasion as the principal hindrances
to the use of digital technologies.

Correlation between knowledge of digital transformation
and studied digital variables

Table 4; Fig. 1 show significant positive correlations
between knowledge of digital transformation services
and each of ATD, DS, DHL, and AAI (r=0.488, 0.442,
0.448, 0.354, p<0.001). See Table 4 for more values.

Discussion

Currently, nursing students need robust digital knowl-
edge and skills for effective healthcare in the technology-
driven world. Our study explored various digital variables
among nursing students, acknowledging the crucial role
of technology in modern healthcare [29, 30]. The findings
of the present study revealed that approximately half of
the students studied informatics as an academic course,
and the majority of the students frequently accessed
the internet through their smartphones, tablets, or
iPads. This aligns with the trend of informatics becom-
ing a popular academic interest, reflecting technological
advancements and students’ use of smart devices to facil-
itate internet access. This inclination toward technology
usage could have potential positive impacts on both per-
sonal and academic aspects of their lives. Smartphones
play essential roles in contemporary life, supporting
information access, online engagement, social connec-
tions, entertainment, and academic learning. Their user-
friendly design significantly contributes to increased
reliance, notably among students.

This study aligns with previous research reporting the
prevalent use of smartphone mobile technology devices
for internet access among students, including Saudi
students [31, 32], Egyptian nursing students [23], Nep-
alese nursing students [33], and Turkish nursing and
medical students [34]. Students highly value internet
access, particularly for health-related information, with
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Table 4 Correlation between knowledge of digital transformation and studied digital variables
Variables Knowledge of digital transformation ATD DS DHL AAI
Knowledge of digital transformation ~ r - 0488 0442 0448 0354

() (<0.001)" (<0.001)" (<0.001)" (<0.001)"
ATD r - 0.699 0444 0.531

) (<0.001)" (<0.001)" (<0.001)"
DS r - 0.688 0.559

) (<0.001)" (<0.001)"
DHL r - 0235

(p) (<0.001)"

r=Pearson correlation, p significant

ATD: Attitudes toward digital transformation, DS: Digital Skills, DHL: Digital health literacy, AAl: Attitudes toward artificial intelligence

Knowledge of
digital

transformation

Fig. 1 Correlation between knowledge of digital transformation and studied digital variables

smartphones as the primary means of internet usage. This
reliance aligns with rapid lifestyle changes and blended
learning integration in nursing education [23]. Previous
studies have also highlighted the widespread adoption
of mobile technology for educational purposes, includ-
ing accessing course materials and leveraging online
resources and collaborative exchanges between students
and educators [35]. Students also engage in “edutain-
ment” through social media. Al-Rahmi et al. advocate
for educators to encourage social media applications to
enrich the learning process [36]. However, Gabrovec et
al. observed lower daily internet usage among Slovenian
university students [37].

Regarding the perception of digital variables, the find-
ings revealed that nursing students demonstrated good
knowledge and awareness of digital transformation ser-
vices, as these services are easy to use and have positive
impacts on various aspects of such services. They also
possess positive attitudes, good digital skills applicable
in daily life and the job market, commendable digital
health literacy, and positive attitudes toward artificial
intelligence. These findings might reflect the readiness
of students in the digital domain, which aligns with the
pervasive transformation observed in various sectors
and is consistent with the Saudi 2030 vision. These find-
ings parallel those of many studies, such as Sheela [19],
Harerimana and Mtshali [16], Mekawy et al. [23], and
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Keasberry et al. [14], which emphasize the impact of
attitudes toward technology on individuals’ readiness to
apply their knowledge and skills. Moderate to high digital
health literacy was reported by Mekkawy et al. [23] and
was linked to increased internet usage and nursing infor-
matics integration, as well as a positive attitude toward
AT application. Shanmugapriya et al. [38] and Leonard-
sen et al. [39] reported positive attitudes toward mobile
technology among nursing students. These professionals
strongly endorsed its role in expediting communication
among healthcare professionals, improving patient care
through information access, and recognizing the growing
necessity of digital skills in the healthcare sector. Kwak et
al. [40] reported that a positive attitude toward informa-
tion technology reduces anxiety, promotes IT use, and
enhances problem-solving confidence. In relation to Al,
Abdelaliem et al. [31] found that nursing students exhib-
ited a notably high level of enthusiasm for AI. However,
the study suggested that this enthusiasm among nurs-
ing students might not be fully leveraged within their
educational framework. Ronquillo et al. [25] indicated
that nursing education still involves the integration of Al
into curricula and lacks standardization in informatics
competencies.

In contrast, challenges, such as low digital health lit-
eracy and digital knowledge impacting tool utilization,
were highlighted in previous studies [9, 41]. Similarly,
Kwak et al. [40] identified challenges stemming from
limited digital knowledge, with more than 70% lacking
a clear understanding of AI’s role. Moreover, Shuday-
fat et al. [42] reported that despite having daily Internet
access and a positive attitude toward online health infor-
mation, most students exhibited inadequate eHealth
literacy scores. Rosenbaum et al. reported consistent
identification of low health literacy levels, particularly in
the domain of electronic health information [43].

Parallel with the descriptive level of the studied digital
variables, the positive correlations found among the stud-
ied digital variables in this study revealed that students
with a knowledge and awareness of digital transforma-
tion services and applications were more likely to hold
positive attitudes toward them, exhibit higher digital
skills and health literacy, and embrace attitudes toward
artificial intelligence. This result highlights the strong
link between digital transformation knowledge and
adaptability to technological advancements, emphasizing
its crucial role in informed decision-making and digital
health practices. Positive attitudes play a pivotal role in
technology acceptance in nursing education, as indicated
by findings across multiple studies.

Farias-Gaytan et al. [44] accentuated the pivotal role
of digital technology skills and knowledge for the cur-
rent generation, with 95% of the study findings focusing
on digital literacy and educational technology. This aligns
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with the emphasis on higher education institutions pre-
paring students and educators with essential digital skills
to meet the evolving demands of the workforce [44, 45].
Aavakare identified a correlation between digital literacy
and the intention to use digital technologies, highlighting
the impact of digital literacy on utilizing digital technolo-
gies for learning [46].

Researchers have also found that a positive attitude
is linked to increased openness to digital applications,
including Al and is associated with reduced anxiety and
enhanced problem-solving confidence among nursing
students [23, 40]. Furthermore, Hunady et al. reported
that positive expectations about the economy and life
satisfaction from recent digital technologies correlate
with favorable attitudes toward these technologies [47].
However, some studies reveal no significant correla-
tion between Al scores and digital health literacy among
nursing students, suggesting potential variations in edu-
cational backgrounds [23, 48]. The acceptance of Al
applications by nursing students is notably influenced by
their attitudes toward Al, with variations based on their
level of digital device utilization [31]. In this respect, the
significance of digital literacy, including Al literacy, in
effective communication within nursing education and
practice is emphasized by Spante et al. [49]. Chan et al.
highlighted the improvement in digital literacy through
training and perceived benefits, particularly in effective
communication via digital platforms [50]. Additionally,
Chen et al. (2018) emphasized the importance of acquir-
ing digital health and AI literacy for academic success
and future technology utilization upon completing a
nursing degree [51].

Moreover, the study revealed that senior nursing stu-
dents exhibited greater perceived knowledge, digital
skills, and digital health literacy than juniors did. These
findings align with previous studies that have highlighted
the influence of academic level and increased clinical
exposure on the development of career-related skills
among nursing students [52, 53]. This result supports the
idea that students will gain more experience as they prog-
ress to academic levels. This could be because they spend
more time learning about nursing, which makes them
more familiar with digital technologies and gives them
more experience improving their digital skills. A variety
of healthcare education resources, such as nursing infor-
matics courses, may also be used. These findings align
with previous research underscoring the influence of
academic level on competency development, particularly
given the advanced digital expertise of senior nursing
students. Ibrahim and Aldawsari found a link between
academic progress and self-confidence with the develop-
ment of digital skills at the university level [30].

Additionally, Jeon and Kim (2022) underscored the
positive influence of digital nursing education programs
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on academic performance, emphasizing the need for
sufficient technological infrastructure [54]. In contrast,
other studies have shown no significant demographic fac-
tors related to attitudes, knowledge, or skills related to
DHL and AI [19, 23]. This variation among studies may
stem from differences in study settings, technological
advancements, and the degree of students’ reliance on
digital life and digital tools.

Finally, the reported barriers and facilitators influenc-
ing the use of digital technologies by students align with
findings from previous studies [9, 41, 55-57]. Gkrimpizi
et al. identified more than 20 barriers to digital transfor-
mation in higher education institutions (HEIs), including
challenges such as digital literacy, resistance to change,
risk aversion, inadequate IT infrastructure, budget con-
straints, and privacy concerns [55]. Similarly, Borges do
Nascimento et al. reported infrastructure issues, psy-
chological barriers, personal concerns, and resource
limitations [56]. Furthermore, Hunady et al. [47] noted
insufficient IT infrastructure, safety concerns, and user
skills, while Elsayed and Sleem and Alhasan et al. high-
lighted challenges in nursing education, particularly at
the baccalaureate level, arising from a lack of basic digital
knowledge, poor infrastructure, limited internet connec-
tivity, and access to digital devices [9, 41]. Additionally,
Dhirani et al. underscore information security and pri-
vacy issues as significant hurdles [57].

In contrast, addressing barriers in deploying digi-
tal health technologies through different strategies and
facilitators is crucial. Borges do Nascimento et al. suggest
that training programs, perceived technology effective-
ness, and multistakeholder incentives facilitate adoption
[56]. Songkram et al. identified key facilitators influenc-
ing students’ attitudes toward digital learning platforms,
emphasizing factors such as perceived usefulness, ease of
use, and technology self-efficacy [58]. Dhirani et al. rec-
ommended that ethical concerns be resolved before these
advancements are deployed [56]. Gkrimpizi et al. empha-
sized the need for targeted measures from university
authorities for successful digital transformation in HEIs.
The authors recommended validating identified barriers
through further research or stakeholder validation for
accuracy and relevance [55].

Strengths and limitations

This descriptive correlational study is important because
it is the first to measure perceptions of various digital
variables in a Saudi nursing college, providing robust
insights into digital transformation. However, limitations
exist, including the reliance on a single college sample,
potentially limiting the generalizability of the findings to
diverse nursing student populations in Saudi Arabia and
beyond. Additionally, self-reported data introduce the
possibility of response bias. While a positive correlation
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between knowledge and attitudes toward digital trans-
formation was uncovered, a direct cause-and-effect rela-
tionship was not established. Factors such as personal
experiences, organizational digital culture, and individual
perceptions may also influence knowledge and attitudes.
These limitations suggest avenues for future research
exploration as in the recommendation section.

Conclusion

The incorporation of digital transformation technology
and Al in nursing education and practice is increasingly
essential. This finding matches the findings of the pres-
ent study, which revealed that nursing students dem-
onstrated a robust understanding and positive attitudes
toward digital transformation services and applications.
They perceived these technologies as user friendly and
acknowledged their positive impact. Nursing students
showcased strong digital skills applicable in daily life
and the labor market. Moreover, their commendable
digital health literacy and positive attitude toward Al
highlighted their overall preparedness in the digital
realm. Significantly, positive correlations were observed
between knowledge of digital transformation services
and all the measured digital variables, with senior stu-
dents exhibiting greater digital knowledge and a more
positive attitude toward Al. These results emphasize the
critical need to engage students with digital healthcare
technologies to enhance their digital competency, ensur-
ing their readiness for the evolving healthcare landscape
and their future careers.

Recommendations
The present study suggested many fruitful implications for
education, practice and future research.

Education

Innovative approaches in nursing education are crucial
for equipping students with essential digital competen-
cies. One recommendation involves ensuring the pro-
vision of an undergraduate curriculum that integrates
digital healthcare technologies such as informatics and
Al This step ensures that students gain hands-on expe-
rience, enhancing their digital competency. Training
courses focusing on internet usage skills will further aug-
ment the digital capabilities of nursing students.

Practice

In nursing practice, the emphasis should be on diversify-
ing the skill sets of nursing students. Encouraging them
to acquire a wider range of skills, including digital lit-
eracy, genomics, Al, and machine learning, during their
clinical training will enable them to adapt to the changing
healthcare environment. By fostering continuous learn-
ing strategies, nurses can stay abreast of technological
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advancements and apply them effectively in clinical
practice.

Research

Investigating how digital knowledge impacts decision-
making, patient outcomes, and healthcare practices will
contribute to the knowledge base and inform future
strategies in healthcare education and practice. Further
studies replicating this methodology could enhance the
reliability and validity of the findings, especially consid-
ering the single-site nature of the study. Future research
should involve a broader spectrum of nursing students
across various academic years to explore the impact of
education duration and technology exposure on digital
literacy, knowledge, skills, and Al perceptions. Addition-
ally, investigating the adaptation of university curricula to
align with the transformations of NTP, emphasizing digi-
tal skill integration, is crucial.

Abbreviations

Al Artificial intelligence

AAl Attitudes toward artificial intelligence

ANOVA Analysis of variance

ATD Attitudes toward digital transformation

DS Digital Skills

DHL Digital health literacy

cl confidence interval

CON-J College of Nursing-Jeddah

IRB Institutional Review Board

ICTs Information and Communication Technologies
KAIMRC King Abdullah International Medical Research Center
KSAU-HS  King Saud bin Abdulaziz University for Health Sciences

NTP National Transformation Program
SPSS Statistical Package of Social Sciences
WHO World Health Organization

Supplementary Information
The online version contains supplementary material available at https://doi.
0rg/10.1186/512909-024-05482-3.

[ Supplementary Material 1 ]

Acknowledgements
The authors thank all the participants who take part in the current study.

Author contributions

Both authors Ebtsam Aly Abou Hashish and Hend Alnajjar have made
substantial contributions to the conceptualization, methodology, software,
data curation, and writing of the original draft preparation. Ebtsam Aly Abou
Hashish: final manuscript draft and correspondence.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Data availability
Data is provided within the manuscript or supplementary information files.

Page 9 of 11

Declarations

Ethical approval and consent to participate

The College of Nursing-Jeddah (CONJ) and King Abdullah International
Medical Research Center (KMIARC) approved the study with IRB approval No.
(NRJ23J-034-01). Informed consent was obtained from all subjects.

Consent for publication
Not applicable.

Conflict of interest
The authors declare no potential conflicts of interest.

Received: 15 February 2024 / Accepted: 26 April 2024
Published online: 07 May 2024

References

1. Seifert A, Charness N. (2022). Digital transformation of everyday lives of older
Swiss adults: use of and attitudes toward current and future digital services.
EurJ Aging, 1-11.

2. Saudi. 2030 Vision. Saudi Arabia’s national vision 2030; vision realization
programs. Secondary Saudi Arabia’s national vision 2030; vision realization
programs. https://vision2030.gov.sa/en.

3. Alsufyani AM, Alforihidi MA, Almalki KE, Aljuaid SM, Alamri AA, Alghamdi
MS. Linking the Saudi Arabian 2030 vision with nursing transformation in
Saudi Arabia: Roadmap for nursing policies and strategies. Int J Afr Nurs Sci.
2020;13:100256.

4. Al-Kahtani N, Alruwaie S, Al-Zahrani BM, Abumadini RA, Aljaafary A,

Hariri B, Alissa K, Alakrawi Z, Alumran A. Digital health transformation

in Saudi Arabia: a cross-sectional analysis using Healthcare Information
and Management Systems Society' digital health indicators. Digit Health.
2022;8:20552076221117742. https://doi.org/10.1177/20552076221117742.

5. Alsulame K, Khalifa M, Househ M. E-Health status in Saudi Arabia: a review of
current literature. Health Pol Technol. 2016;5(2):204-10.

6. Reis J, Amorim M, Meldo N, Matos P. (2018, March). Digital transformation: a
literature review and guidelines for future research. In World conference on
information systems and technologies (pp. 411-421). Springer, Cham.

7. Nes A, Steindal S, Larsen M. Technological literacy in nursing education: a
scoping review. J Prof Nurs. 2020;37(2):320-40. https://doi.org/10.1016/j.
profnurs.2021.01.008. Retrieved from: PMid:33867086.

8. World Health Organization (WHO). (2019). WHO guideline: Recommenda-
tions on digital interventions for health system strengthening.

9. Elsayed W, Sleem W. Nurse managers' perceptions and attitudes toward
using artificial intelligence technology in nursing settings. Assiut Sci Nurs J.
2020;9(24):182-92. https://doi.org/10.21608/asnj.2021.72740.1159.

10. World Health Organization (WHO). (2020). Draft global strategy on digital
health 2020-2025.

11. Baldwin JL, Singh H, Sittig DF, Giardina TD. Patient portals and health apps:
pitfalls, promises, and what one might learn from the other symptoms.
Healthcare. 2016;5(3):81-5. https://doi.org/10.1016/j.hjdsi.2016.08.004.

12. Borell J. (2016). eHealth and work environment -a question of humans, not
computers. In G. Erlingsdéttir, & H. Sandberg, editors, eHealth opportuni-
ties and challenges: A white paper (pp. 36-41).The Putendorflnstitute of
Advanced Studies, Lund University.

13.  Paige SR, Stellefson M, Krieger JL, Anderson-Lewis C, Cheong J, Stopka C.
(2018). Proposing a transactional model of eHealth literacy: concept analysis.
JMed Internet Res. 2018;20(10):e10175. https://doi.org/10.2196/10175.

14.  Keasberry J, Scott IA, Sullivan C, Staib A, Ashby R. Going digital: a narrative
overview of the clinical and organizational impacts of eHealth technolo-
gies in hospital practice. Aust Health Rev. 2017;41(6):646-64. https://doi.
org/10.1071/AH16233.

15. JarvaE, Oikarinen A, Andersson J, Tuomikoski AM, Kadridinen M, Merildinen
M, Mikkonen K. Healthcare professionals’ perceptions of digital health com-
petence: a qualitative descriptive study. Nurs open. 2022;9(2):1379-93.

16. Harerimana A, Mtshali N. Using mobile technologies among undergraduate
nursing students for academic purposes in tertiary education: a quantitative
survey. CIN: Computers Inf Nurs. 2021;39(5):257-64. https://doi.org/10.1097/
€in.0000000000000694.


https://doi.org/10.1186/s12909-024-05482-3
https://doi.org/10.1186/s12909-024-05482-3
https://vision2030.gov.sa/en
https://doi.org/10.1177/20552076221117742
https://doi.org/10.1016/j.profnurs.2021.01.008
https://doi.org/10.1016/j.profnurs.2021.01.008
https://doi.org/10.21608/asnj.2021.72740.1159
https://doi.org/10.1016/j.hjdsi.2016.08.004
https://doi.org/10.2196/10175
https://doi.org/10.1071/AH16233
https://doi.org/10.1071/AH16233
https://doi.org/10.1097/cin.0000000000000694
https://doi.org/10.1097/cin.0000000000000694

Abou Hashish and Alnajjar BMC Medical Education

20.

21

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

(2024) 24:508

Cho H, Han K, Park B. Associations of eHealth literacy with health-promoting
behaviors among hospital nurses: a descriptive cross-sectional study. J Adv
Nurs. 2018;74(7):1618-27.

Liu'S, Zhao H, Fu J, Kong D, Zhong Z, Hong Y, Luo Y. Current status and
influencing factors of digital health literacy among community-dwelling
older adults in Southwest China: a cross-sectional study. BMC Public Health.
2022;22(1):1-12.

Brian J, Douthit et al. (2022). Artificial Intelligence in Nursing, American Nurse,
January 11, 2022.

Sheela J. Attitude of nursing students toward artificial intelligence. Int J Sci
Healthc Res. 2022,7(2):344-7. https://doi.org/10.52403/ijshr.20220447.
Amisha, Malik P, Pathania M, Rathaur VK. Overview of artificial intelligence

in medicine. J Family Med Prim care. 2019;8(7):2328-31. https://doi.
0rg/10.4103/jfmpc.jfmpc_440_19.

Bekbolatova M, Mayer J, Ong CW, Toma M. Transformative potential of Al'in
Healthcare: definitions, applications, and navigating the ethical Landscape
and Public perspectives. Healthc (Basel Switzerland). 2024;12(2):125. https://
doi.org/10.3390/healthcare12020125.

Mekawy S, Ismail Sm, Mohamed. Digital Health Literacy (DHL) levels among
nursing baccalaureate students and their perception and attitudes toward
the application of Artificial Intelligence (Al) in nursing. Egypt J Health Care.
2020;11(1):1266-77.

Topol E. High-performance medicine: the convergence of human and artifi-
cial intelligence. Nat Med. 2019;25(1):44-56.

Ronquillo CE, Peltonen LM, Pruinelli L, Chu CH, Bakken S, Beduschi A, Cato K,
Hardiker N, Junger A, Michalowski M, Nyrup R, Rahimi S, Reed DN, Salakoski
T, Salantera S, Walton N, Weber P, Wiegand T, Topaz M. Artificial intelligence in
nursing: priorities and opportunities from an international invitational think-
tank of the nursing and Artificial Intelligence Leadership Collaborative. J Adv
Nurs. 2021;77(9):3707-17. https://doi.org/10.1111/jan.14855.

Kim G, Shin'Y. Study on thedevelopment of a test for artificial intelligence
ethical awareness. J Korean Assoc Artif Intell Educ. 2020;2(1):1-19.

Briganti G, Moine OL. Artificial Intelligence in Medicine: today, and tomorrow.
Front Med. 2020;7:27.

Abuzaid MM, Elshami W, Fadden SM. Integration of artificial intelligence

into nursing practice. Health Technol. 2022;12(6):1109-15. https://doi.
0rg/10.1007/512553-022-00697-0.

Clarke-Darrington J, McDonald T, Ali P. Digital capability: an essential nursing
skill for proficiency in a post-COVID-19 world. Int Nurs Rev. 2023;70(3):291-6.
https://doi.org/10.1111/inr.12839.

Ibrahim RK, Aldawsari AN. Relationship between digital capabilities and
academic performance: the mediating effect of self-efficacy. BMC Nurs.
2023;22(1):434. https://doi.org/10.1186/512912-023-01593-2.

Abdelaliem SMF, Dator WLT, Sankarapandian C. The relationship between
nursing students' Smart devices Addiction and their perception of

Artificial Intelligence. Healthcare. 2022;11(1):110. https://doi.org/10.3390/
healthcare11010110.

Alsharif M. Integrating digital devices and (social media) applications

during lecture time in a Saudi University: students’and lecturers'views on
blended synchronous approaches. The University of Liverpool; 2022. (United
Kingdom).

Thapa P, Bhandari SL, Pathak S. Nursing students'attitude on the practice

of e-learning: a cross-sectional survey amid COVID-19 in Nepal. PLoS ONE.
2021;16(6):20253651. https://doi.org/10.1371/journal.pone.0253651.
Celikkalp U, Bilgic S, Temel M, Varol G. The smartphone addiction levels

and the association with communication skills in nursing and medi-

cal school students. J Nurs Res. 2020;28(3):€93. https://doi.org/10.1097/
jnr.0000000000000370.

Amponsah KD, Accra L, Aboagye KG, Narh-Kert M, Commey-Mintah F, Kofi
Boateng KF. The impact of internet usage on students’success in selected
senior high schools in Cape Coast metropolis, Ghana. Eur J Educational Sci.
2022,9(2):1-18. https://doi.org/10.19044/ejes.v9no2al.

Al-Rahmi WM, Alias N, Othman MS, Marin VI, Tur G. A model of factors
affecting learning performance through the use of social media in Malaysian
higher education. Comput Educ. 2018;121:59-72.

GABROVEC, B, CRNKOVIC, N, SORGO, A, CESAR, K, SELAK, S, KRSIC, I, ...
PAVEQ, V.(2022, March). STUDENTS’ EXPERIENCE OF COVID-19. In Conference
on Organizational Science Development Society’s Challenges for Organizational
Opportunities.

38.

39.

40.

41.

42.

43.

45.

46.

47.

48.

49.

50.

5T

52.

53.

54.

55.

56.

57.

Page 10 of 11

Shanmugapriya K, Seethalakshmi A, Zayabalaradjane Z, Rani NRV. Mobile
technology acceptance among undergraduate nursing students instructed
by blended learning at selected educational institutions in South India.

J Educ Health Promotion. 2023;12:45. https://doi.org/10.4103/jehp.
jehp_488_22.

Leonardsen AL, Hardeland C, Hallgren J, Femdal |, Thapa DR, Helgesen AK,
Baath C, Halvorsrud L, Grendahl VA, Gillsjo C. Nursing students’attitudes
toward the use of digital technology in the healthcare of older adults- a
cross-sectional study in Norway and Sweden. BMC Nurs. 2023;22(1):428.
https://doi.org/10.1186/512912-023-01600-6.

Kwak Y, Ahn JW, Seo YH. Influence of Al ethics awareness, attitude, anxiety,
and self-efficacy on nursing students' behavioral intentions. BMC Nurs.
2022;21(1):267. https://doi.org/10.1186/512912-022-01048-0.

Alhasan A, Audah L, Ibrahim I, Al-Ogaili ASA, Mohammed A. J.(2020).Case
study to examine doctors'intentions to use loT healthcare devices in Iraq
during COVID19 pandemic. Int J Pervasive Comput Commun.

Shudayfat T, Hani SB, Shdaifat E, Al-Mugheed K, Alsenany SA, Abdelaliem

F. S. M. Electronic health literacy and its association with lifestyle behavior
among undergraduate students: a cross-sectional survey. Digit Health.
2023;9:20552076231185429. https://doi.org/10.1177/20552076231185429.
Rosenbaum JE, Johnson BK, Deane AE. Health literacy and digital media

use: assessing the Health Literacy Skills Instrument - short form and

its correlates among African American college students. Digit Health.
2018;4:2055207618770765. https://doi.org/10.1177/2055207618770765.
Farias-Gaytan S, Aguaded |, Ramirez-Montoya MS. Digital transformation

and digital literacy in the context of complexity within higher education
institutions: a systematic literature review. Humanit Social Sci Commun.
2023;10(1):1-11. https://doi.org/10.1057/s41599-023-01875-9.

Chetty K, Qigui L, Gcora N, Josie J, Wenwei L, Fang C. (2018). Bridging the
digital divide: measuring digital literacy. Economics. https://doi.org/10.5018/
economics-ejournalja.2018-23.

Aavakare M. (2019). The impact of digital literacy and information literacy on
the intention to use digital technologies for learning: a quantitative study uti-
lizing the unified theory of acceptance and use of technology. Master’s Thesis
in Information Systems. Faculty of Social Sciences, Business and Economics.
Abo Akademi University.

Hunady J, Fendekova J, Orviska M. (2020). Attitudes and trust to recent digital
technologies: Using standards to improve them. In 25th EURAS Annual Stan-
dardization Conference-Standards for Digital Transformation: Blockchain and
Innovation, Glasgow, Scotland, June (pp. 10-12).

Kong SC, Cheung WMY, Zhang G. Evaluation of an artificial intelligence
literacy course for university students with diverse study backgrounds. Com-
puters Education: Artif Intell. 2021;2:100026.

Spante M, Hashemi SS, Lundin M, Algers A. Digital competence and digital lit-
eracy in higher education research: systematic review of concept use. Cogent
Educ. 2018;5(1):1519143. https://doi.org/10.1080/2331186X.2018.1519143.
Chan BS, Churchill D, Chiu TK. Digital literacy learning in higher education
through digital storytelling approach. J Int Educ Res (JIER). 2017;13(1):1-16.
https://files.ericed.gov/fulltext/EJ1144564.pdf.

Chen X, Hay J, Waters E, Kiviniemi M, Biddle C, Schofield E. Health literacy and
use and trust in health information. J Health Commun. 2018;23(8):24-34.
Khalil 1, A,, Abou Hashish E. Exploring how reflective practice training affects
nurse interns' critical thinking disposition and communication skills. Nurs
Manag. 2022;29(5):20-6. https://doi.org/10.7748/nm.2022.e2045.

Abou Hashish EA, Bajbeir EF. The Effect of Managerial and Leadership
Training and Simulation on senior nursing students’ Career Planning

and Self-Efficacy. SAGE open Nurs. 2022;8(September):1-16. https://doi.
0rg/10.1177/23779608221127952.

Jeon J, Kim S.The mediating effects of digital literacy and self-efficacy on
the relationship between learning attitudes and Ehealth literacy in nursing
students: a cross-sectional study. Nurse Educ Today. 2022;113:105378. https://
doi.org/10.1016/j.nedt.2022.105378.

Gkrimpizi T, Peristeras V, Magnisalis I. Classification of barriers to Digital Trans-
formation in Higher Education institutions: systematic literature review. Educ
Sci. 2023;13:746. https://doi.org/10.3390/educsci13070746.

Borges do Nascimento 1J, Abdulazeem H, Vasanthan LT, et al. Barriers and
facilitators to utilizing digital health technologies by healthcare professionals.
Npj Digit Med. 2023;6:161. https://doi.org/10.1038/s41746-023-00899-4.
Dhirani LL, Mukhtiar N, Chowdhry BS, Newe T. Ethical dilemmas and privacy
issues in Emerging technologies: a review. Sensors. 2023;23:1151. https://doli.
0rg/10.3390/523031151.


https://doi.org/10.52403/ijshr.20220447
https://doi.org/10.4103/jfmpc.jfmpc_440_19
https://doi.org/10.4103/jfmpc.jfmpc_440_19
https://doi.org/10.3390/healthcare12020125
https://doi.org/10.3390/healthcare12020125
https://doi.org/10.1111/jan.14855
https://doi.org/10.1007/s12553-022-00697-0
https://doi.org/10.1007/s12553-022-00697-0
https://doi.org/10.1111/inr.12839
https://doi.org/10.1186/s12912-023-01593-2
https://doi.org/10.3390/healthcare11010110
https://doi.org/10.3390/healthcare11010110
https://doi.org/10.1371/journal.pone.0253651
https://doi.org/10.1097/jnr.0000000000000370
https://doi.org/10.1097/jnr.0000000000000370
https://doi.org/10.19044/ejes.v9no2a1
https://doi.org/10.4103/jehp.jehp_488_22
https://doi.org/10.4103/jehp.jehp_488_22
https://doi.org/10.1186/s12912-023-01600-6
https://doi.org/10.1186/s12912-022-01048-0
https://doi.org/10.1177/20552076231185429
https://doi.org/10.1177/2055207618770765
https://doi.org/10.1057/s41599-023-01875-9
https://doi.org/10.5018/economics-ejournal.ja.2018-23
https://doi.org/10.5018/economics-ejournal.ja.2018-23
https://doi.org/10.1080/2331186X.2018.1519143
https://files.eric.ed.gov/fulltext/EJ1144564.pdf
https://doi.org/10.7748/nm.2022.e2045
https://doi.org/10.1177/23779608221127952
https://doi.org/10.1177/23779608221127952
https://doi.org/10.1016/j.nedt.2022.105378
https://doi.org/10.1016/j.nedt.2022.105378
https://doi.org/10.3390/educsci13070746
https://doi.org/10.1038/s41746-023-00899-4
https://doi.org/10.3390/s23031151
https://doi.org/10.3390/s23031151

Abou Hashish and Alnajjar BMC Medical Education (2024) 24:508 Page 11 of 11

58. Songkram N, Chootongchai S, Osuwan H, Chuppunnarat Y, Songkram N. . ’
(2023). Students'adoption toward behavioral intention of digital learning quHSher s Note ) o o
platform. Education and information technologies, 1-23. Advance online Springer Nature rema.ms.neu.tral W'th,fegafd tojurisdictional claims in
publication. https://doi.org/10.1007/510639-023-11637-4. published maps and institutional affiliations.


https://doi.org/10.1007/s10639-023-11637-4

	﻿Digital proficiency: assessing knowledge, attitudes, and skills in digital transformation, health literacy, and artificial intelligence among university nursing students
	﻿Abstract
	﻿Background
	﻿Conceptual framework
	﻿Significance of the study
	﻿Aim of the study

	﻿Methods
	﻿Study setting and design
	﻿Subjects
	﻿Data collection instrument
	﻿Developed instrument sections, validity, and reliability
	﻿Validity and reliability
	﻿Data collection
	﻿Data analysis
	﻿Ethical considerations

	﻿Results
	﻿Participant characteristics
	﻿Perceived digital transformation variables among nursing students
	﻿The highest perceived factors stimulating or hindering the use of digital technologies
	﻿Correlation between knowledge of digital transformation and studied digital variables

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿Recommendations
	﻿Education
	﻿Practice
	﻿Research


	﻿References


